Introduction
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In this study we wanted to assess the validity of the new metrics as an index of the research impact. For this purpose we examined the correlation between IFs and altmetrics scores obtained in each department of our hospital, taking the Oncology Department as the reference. Our aim was to ascertain whether the altmetrics score could be used as a complementary or alternative index to evaluate the impact of research.
Materials and methods

Samples and tools
We analyzed all full-text articles published in 2013 in indexed journals (with a 2012 IF score) by researchers affiliated to our hospital. The list of articles was exactly the same as the one supplied to MoH for funding purposes. Data were collected searching PubMed and Web of Science, and researchers were asked to verify if all the articles they had authored had been retrieved. For each retrieved article, the altmetrics score on Altmetric.com was searched using the PMID of the article. The 646 papers published in 2013 were then grouped across departments and both the IFs and altmetrics scores were summed up.
For all these articles, we listed the altmetrics score as formulated by Jason Priem in 2010 (8) . Altmetrics tools capture information through the use of metrics from HTML views and downloads of articles, blog posts, tweets, bookmarks, etc. Such information is provided in real time and altmetrics show not only the impact of scientific research by researchers but also the impact of the research on the public through social media (9) .
Altmetric.com, PlumX, ImpactStory and PLoS Impact Explorer are currently the main tools that aggregate and provide article-level metrics (10, 11) . In particular, the Altmetric.com badges function allows publishers to add altmetrics data with 2 simple lines of code added to the article HTML. Altmetric badges is currently used by leading publishers including Wiley, Sage, Springer, Nature, Wichtig and many others, which have integrated it into their Web pages. For the purpose of our study we selected Altmetric.com as a major tool aggregating data at the article level.
Statistical analysis
Quantitative variables are described as median and interquartile range (IQR), i.e., the 25th and 75th percentiles. The association between IF and the altmetrics score or its components is expressed through the nonparametric Spearman rho correlation coefficient. Furthermore, we correlated the number of citations in the Web of Science and the number of Mendeley readers or PubMed citations using the nonparametric Spearman rho coefficient. All analyses were performed with Stata 13 (StataCorp LP) and a p value below 0.05 was considered statistically significant (12) .
Results
A total of 268 of the 646 papers (41.6%) presented an altmetrics score and 45 out of 53 departments obtained an altmetrics score (median 14, IQR 3-68). Among the components of the altmetrics score, Mendeley readers was the highest (2,403 citations obtained by 45 departments; median 36, IQR 7-50) followed by Tweeters for a total of 1,998 tweets obtained by 45 departments (median 15, IQR: 6-48) and Facebook walls for a total of 247 obtained by 32 departments (median 5, IQR: 2-9). Less frequent were news outlets, for a total of 74 obtained by 13 departments (median 4, IQR: 2-8); bloggers for a total of 70 obtained by 18 departments (median 3, IQR: 1-5); CiteULike readers for a total of 53 obtained by 17 departments (median 2, IQR 1-2); Google authors for a total of 23 obtained by 9 departments (median 2, IQR: 2-3); and F1000 reviews for a total of 18 obtained by 13 departments (median 1, IQR 1-2). The results are summarized in Figure 1 .
The median IF by department was 44 (IQR 14-128) and the correlation between the sum of altmetrics scores and the sum of IFs relative to all articles published in 2013 calculated for each of the departments of our institution was very high (Spearman's rho 0.88; p<0.0001). Each point in Figure 2 represents an individual department.
Furthermore, the correlation between IF and single major components of altmetrics such as Facebook (Spearman's rho 0.80; p<0.0001), Twitter (Spearman's rho 0.90, p<0.0001) and Mendeley (Spearman's rho 0.90, p<0.0001) was very good.
Analysis of single departments
Looking at the impact of different departments we focused on the Oncology Department to see where a single department with a typical output of relevant articles would fit in our analysis compared to other departments. Figure 3A shows the same correlation as Figure 2 , but highlights where the Oncology Department (marked in red in the graphs) stands and where the outliers stand. Figures 3B,  3C and 3D show where the Oncology Department and the outliers stand when only Facebook, Mendeley and Twitter, respectively, are considered.
Interestingly, while the Oncology Department seems to closely follow the trend of most departments, 2 departments had different altmetrics scores from the others: the Thromboembolic Disease Unit, which had higher Facebook, Twitter and Mendeley scores, and the Neurosurgery Clinic, with a high Facebook score. Also the Internal Medicine Unit (with papers about celiac disease) and the Hospital Management Department (particularly with a paper on exposure to pesticides or solvents and risk of Parkinson disease) had Facebook scores higher than expected on the basis of the IF. Besides these few, highly specific examples, there was very good and statistically significant agreement between altmetrics and IF.
Discussion
Evaluating the importance of an article is becoming ever more important for researchers who lack the time to read all relevant papers. Traditionally, bibliometrics is the application of quantitative analysis and statistics to publications such as journal articles and their accompanying citations. The newly developed altmetrics have proven to be user friendly, graphic, self-explaining also for nonspecialized readers, rapidly evolving and interacting with media and public or users.
Institutions are also very interested in implementing the use of altmetrics data. For example, the Dublin Business School and the University of Tor Vergata will integrate PlumX within the school's institutional repository (IR), so that the impact of any research output added to the IR can be measured by PlumX. Many others institutions -such as the University of Cambridge, the University of Manchester, the University of South Australia and the University of Aalto in Finland -are using Altmetric.com for the evaluation of their impact, indicating that the faculty's research activity is an integral aspect of program accreditation and validation.
In our study, we documented a very good correlation of altmetrics with standard bibliometric indexes both at the institutional and departmental level, as already shown by Costas et al (13) and in a meta-analysis by Bornmann (14) . A high percentage of manuscripts had their own altmetrics score, consistent with data shown in the biomedical field by Haustein et al (15, 16) .
Altmetrics could act as a reliable tool in evaluating departments, and could be considered in addition to traditional metrics when managing funding activities. For this reason, altmetrics can greatly help institutions understand their impact on society. They may also help researchers and institutions to maximize the success of their own research efforts.
In our institution, a high score was obtained by many items, both within the research community (e.g., Mendeley readers) and among the general public (e.g., Twitter and Facebook users). Interestingly, in many cases, hot topics like thromboembolic disorders, neurodegenerative diseases and celiac disease have a greater impact on the general public than on the research community. So it is becoming more and more evident that alternative metrics may play a crucial role in helping society as well as patient communities to retrieve reliable information. Thus, together with knowledgeable scientific journalists, they could contribute to spreading relevant scientific results for the scientific education of the public. They may also highlight the value of the most successful research programs to their institutions, since altmetrics measure the impact in real time (17) . Showing how research is relevant to the general public is useful especially for institutions and foundations funded by public money, like the one taken into consideration in this study.
Limitations of altmetrics and implications of the study
There are certain limits that should be considered in the use of these new metrics. First, when dealing with citations there is no distinction between positive and negative comments and this fact could distort an article's score. In the same way, social media may be particularly vulnerable to "gaming" by commercial services that sell Facebook posts, tweets or blog mentions (18, 19) .
Another critical issue is that there is currently no standard for reporting altmetrics. For this reason, last year the National Information Standards Organization (NISO) received a grant to develop a standard in the field of these new metrics (20).
Last but not least, altmetrics -like bibliometrics beforeneed time: the concept of these metrics, together with the development and changes of social media, is still evolving and not yet fully understood by the scientific community.
The data from our study are from a single institution, resulting in a smaller sample size compared to other studies. However, the in-depth analysis of various departments in a single institution reduces the heterogeneity inherent in data coming from different institutions, and allows to perform an analysis of a real-life situation and to measure in a pragmatic way the impact this new metric should have in addition to the traditional ones.
Conclusion
The data resulting from this study indicate that altmetrics are useful and may well be considered as reliable metrics for measuring research. Furthermore, they could actually represent an interesting and relevant complement to citations, providing institutions and researchers with a new framework to evaluate not only their academic influence but their social impact. Together with traditional metrics, they could be a useful tool in guiding decision makers when funding public research. Nevertheless, further investigations are still needed to explore and understand how these new indexes can be used in the evaluation of research.
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